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FRVWV DQG  RI WKH SHRSOH DIIHFWHG 7KHVH QXPEHUV HPSKDVL]H WKH LPSRUWDQFH RI IORRG ULVN PDQDJHPHQW *LYHQ WKH
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LWV EHKDYLRXU LQ UHVSRQVH WR GLIIHUHQW UDWHV RI GUDZGRZQ 5G DQG IRU D UDQJH RI VRLOV ZLWK GLVWLQFW VDWXUDWHG K\GUDXOLF
FRQGXFWLYLWLHVNVDVZHOODVYDULDWLRQVLQWKHVORSHUDWLRVRIWKHGLNHERG\7KHVHWKUHHYDULDEOHVZHUHDVVHVVHGLQVHYHUDO
SDUDPHWULFDQDO\VHVWKDWZHUHFRQGXFWHGE\YDU\LQJRQHRIWKHYDULDEOHVRILQWHUHVWRQHDFKRFFDVLRQDQGDVVXPLQJWKDWWKH
RWKHU YDULDEOHV ZHUH FRQVWDQW (DFK DQDO\VLV ZDV VWRSSHG DW WKH HQG RI WKH GUDZGRZQ VWDJH 7KH DQDO\VHV DVVXPHG D
FRQWLQXRXVWLPHGHSHQGHQWYDULDWLRQLQWKHZDWHUOHYHOXQGHUWUDQVLHQWVWDWHIORZFRQGLWLRQV7DEOHSURYLGHVDGHVFULSWLRQ
RI WKH PDWHULDO DQG ERWK WKH UHVLGXDO DQG VDWXUDWHG YROXPHWULF ZDWHU FRQWHQWV DVVRFLDWHG ZLWK VDWXUDWHG K\GUDXOLF
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P IRUGLIIHUHQWK\GUDXOLF FRQGXFWLYLWLHV)LJXUH VKRZV WKHXSSHU IORZ OLQH IRU WKH LQLWLDO VWHDG\VWDWHFRQGLWLRQ DQG
GHVDWXUDWLRQ OLQHVDW WKHHQGRIZDWHUGUDZGRZQ LQGLNHVZLWKGLIIHUHQWK\GUDXOLFFRQGXFWLYLWLHV NV IRU WKH WUDQVLHQWVWDWH
FRQGLWLRQDQGDVVXPLQJDFRQVWDQWGUDZGRZQUDWHRI5G PG$VFDQEHVHHQIURPWKLVILJXUHZKHUHNV îPVWKH







DXWKRUV KDYH UHFRJQLVHG WKH WKUHH ZDWHU GUDZGRZQ PRGHV GHVFULEHG KHUH H[DPSOHV EHLQJ /DQH 	 *ULIILWKV  DQG
%HULOJHQ

)LJXUH  VKRZV WKH HIIHFW RI WKH GUDZGRZQ UDWH RQ H[LW K\GUDXOLF JUDGLHQWV LQ WKH KRUL]RQWDO DQG YHUWLFDO GLUHFWLRQV
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x 7KH K\GUDXOLF JUDGLHQWV DUH PRUH VHQVLWLYH WR YDULDWLRQV LQ WKH VORSH UDWLR LQ GLNHV FRQVLVWLQJ RI PDWHULDOV ZLWK














































































7KH XSVWUHDP GDP PDQDJHG WR FRQWDLQ WKH HQWLUH IORRG LQ LWV FDWFKPHQW DUHD DERXW  RI WKH WRWDO FDWFKPHQW DQG
RYHUIORZLQJIURPWKHULYHUEHGZDVXSVWUHDPRIWKHGLNHGVHFWLRQ(YHQJLYHQWKLVUHGXFWLRQLQGLVFKDUJHWKHIORRGLQWKH
























WKH IXOO FDSDFLW\ RI WKH GLNHV 6RPH GDPDJH ZDV UHSRUWHG D ORW OHVV WKDQ LQ  EXW QRW GHVFULEHG LQ GHWDLO LQ D
FRPSUHKHQVLYH UHSRUW 0RVW RI WKH GDPDJH ZDV DWWULEXWHG WR LQWHUQDO HURVLRQ +RZHYHU LW VKRXOG EH QRWHG WKDW LQ WKH
GHVFULSWLRQVRIGDPDJHDQG LWVDWWULEXWLRQ WR WKHGLIIHUHQWPHFKDQLVPVEHWZHHQDQGFUDFNVZHUHDWWULEXWHG WR
LQVWDELOLW\LQDQGWRLQWHUQDOHURVLRQLQ,WLVHQWLUHO\SRVVLEOHWKDWERWKPHFKDQLVPVZHUHLQYROYHGDWOHDVWLQVRPH































































































VHHSDJH DQG LQWHUQDO HURVLRQ VDQG ERLOV VXEVLGHQFH VLQNKROHV GHVWDELOLVDWLRQ RI WKH GLNH DQGRU LWV UHYHWPHQW 7KHVH
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)LJXUH  VKRZV WKH ORQJLWXGLQDO VRLO SURILOH WKDW LQFOXGHV WKH VHJPHQW RI WKH GLNH LQ /DDJ EUHDFKHG LQ  DQG WKHQ
UHFRQVWUXFWHG DIWHU  7KH GLS LQ WKH LQWHUIDFH EHWZHHQ WKH FRDUVHJUDLQHG HPEDQNPHQW DQG WKH DQFLHQW ULYHU EHG LV
DWWULEXWDEOHWRWKHH[FDYDWLRQRIWKHDQFLHQWULYHUEHGPDWHULDODIWHUWKHGLNHZDVEUHDFKHG'XULQJWKHIORRGWKHHPEDQNPHQW
ZDVSDWUROOHGIUHTXHQWO\DIHZWLPHVDGD\DQGQRHYLGHQFHRIVDQGERLOLQJZDVGHWHFWHG,WLVQRWSRVVLEOHWRH[FOXGHWKDW
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&RDUVHPDWHULDO*:*0 (PEDQNPHQW FRDUVH $:HOOJUDGHGVLOW\VDQG ILQH %
VLOWJUH\VDQG\VLOWULYHUGHSRVLW 8SSHUIRXQGDWLRQIOXYLDOVHGLPHQW &
PHGLXPDQGFRDUVHVDQG63 /RZHUIRXQGDWLRQ VDQGGHSRVLW )VDQG\JUDYHO*0 DQFLHQWULYHUEHG (
VLOW\ILQHVDQGVDQGDQGVLOW )OXYLDOGHSRVLWFRYHUVHGLPHQWV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RXWIORZDW WKHEDVHRI WKHFROXPQLQ WKH LQILOWUDWLRQFROXPQWHVWV 3R]]DWR	7DUDQWLQR2Q WKHRWKHUKDQGZDWHU
UHWHQWLRQDQGK\GUDXOLFFRQGXFWLYLW\LQVRLOOD\HUV'DQG%ZHUHGHULYHGXVLQJWKHDSSURDFKSURSRVHGE\9HHUHFNHQHWDO




















 ?ŵ ?ƐĞĐ ? <ǀ ?<Ś
M ?
 ? ? ?
  ? ? ? ?  ?  ? ?
  ? ? ? ?  ? ? ? ?  ? ?
  ? ? ? ?  ?  ? ?
& ?  ? ? ? ? ?  ? ? ? ?  ? ?
<Ś ?ƐĂƚ
 ?ŵ ?ƐĞĐ ? <ǀ ?<Ś
M ?
 ? ? ?
  ? ? ? ?  ?  ? ?
  ? ? ? ?  ?  ? ?
  ? ? ? ?  ? ? ? ?  ? ?
  ? ? ? ?  ? ? ? ?  ? ?
& ?  ? ? ? ? ?  ? ? ? ?  ? ?





























     
 WDQZ UQ D D Z
V U
F X X X - -W V M- -



















































)LJXUH  ,PSUHVVLRQ RI WKH XSOLIW IDLOXUH PHFKDQLVP 
ULYHU OHYHO ULVH  K\GUDXOLF FRQQHFWLRQ WR VDQG OD\HU 
SRUHSUHVVXUHULVHXQWLOXSOLIWWRSOD\HUIDLOXUHSODQH
)LJXUH7HVWVHWXSDQGGLPHQVLRQV$$%&&
 ; ' ( UHSUHVHQW ORFDWLRQV IRU K\GUDXOLF KHDG
PHDVXUHPHQWVVKRZQLQ)LJXUHVDQG
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DERYH LW DJDS LVFUHDWHGZKLFK LV ILOOHG ZLWKSRUHZDWHU IURP WKH VDQG OD\HUXQWLO DQHZHTXLOLEULXP LVDWWDLQHG:KHQ










)LJXUH  LV D UHDOLVWLF IDLOXUH PHFKDQLVP 7KH LQGXFHG IDLOXUH H[WHQGHG RYHU D ODUJH DUHD DQG UHDFKHG WKH WRS RI WKH
3OHLVWRFHQHVDQGOD\HU7KHGLNHDQGVXEVRLOIDLOHGSURJUHVVLYHO\ZLWKWKHILUVWLQGLFDWLRQRIIDLOXUHIRXQGDWWKHGHHSHVWSDUW







































































7KH PDLQ OHVVRQ OHDUQHG LV WKDW WKH QHHG IRU SUHYHQWLYH PDLQWHQDQFH VKRXOG EH HPSKDVLVHG ,Q WKLV FDVH WKH ODFN RI
PDLQWHQDQFHZRUNRQWKHULSUDSSURWHFWLRQZDVWKHPDLQUHDVRQIRUWKHIDLOXUHZKLFKZDVIXUWKHUIDFLOLWDWHGE\WKHDEVHQFH
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